A penetrating ear injury with a perilymphatic fi stula is not an uncommon occurrence in otolaryngologic practice, but stapes luxation is rare. We report the case of an 11year-old boy who developed a traumatic perilymphatic fi stula secondary to an atypical stapes luxation into the vestibule. Aft er sustaining a penetrating injury to the right ear, the patient presented with otalgia, vertigo, vomiting, gait unsteadiness, and hearing loss. High-resolution computed tomography (HRCT) of the temporal bone detected pneumolabyrinth, indicating a perilymphatic fi stula. Th e stapes had pivoted on the footplate at the oval window, and then it made an unusual 180° fl ip and luxated deeply into the vestibule, with the capitulum stapedis pointing medially. Conservative management was chosen in view of the high surgical risks posed by the deeply luxated stapes and the likelihood of a fracture of the stapes footplate. Th is case illustrates the importance of an accurate diagnosis and interpretation of a traumatic perilymphatic fi stula and stapes luxation as seen on HRCT of the temporal bone.
Introduction
Penetrating ear injuries are not uncommon in otolaryngologic practice. Damage to the tympanic membrane and ossicular chain is oft en associated with a fairly good prognosis, but inner ear damage, which is less common, carries a higher risk of deafness despite adequate surgical treatment. Traumatic perilymphatic fi stula is frequently associated with injury to the membranes of the oval window, round window, or both. Such injuries can result in fl uid leakage and subsequent cochlear and/ or vestibular symptoms, such as hearing loss, tinnitus, dizziness, and vertigo. Stapes fracture following direct ear trauma is not unusual, but stapes luxation down into the vestibule is extremely rare. We report a case of traumatic perilymphatic fi stula with stapes luxation into the vestibule that was evident on thin-section high-resolution computed tomography (HRCT) of the temporal bone.
Case report
An 11-year-old boy was brought to the emergency department at KK Women's and Children's Hospital in Singapore aft er he had sustained trauma to his right ear. He had been cleaning the ear with a wooden earpick. When his sister accidentally bumped into him, the earpick penetrated deeply into the ear canal. Th e boy experienced immediate otalgia and otorrhagia, followed by vertigo, vomiting, gait unsteadiness, and hearing loss.
On examination, the patient exhibited a spontaneous horizontal left -beating nystagmus. Otoscopic examination revealed the presence of a large perforation in the posterosuperior aspect of the right tympanic membrane. Th e long process of the incus was visible through the perforation. Pure-tone audiometry refl ected a mixed conductive and sensorineural hearing loss. A fi stula test was negative. Th in-section HRCT of the right temporal bone revealed a medial displacement of the stapes into the vestibule (fi gure 1). Th e stapes had fl ipped 180° and luxated within the vestibule, with the capitulum stapedis pointing medially. Pneumolabyrinth, a sign of perilymphatic fi stula, was evident between the crura of the stapes. Fluid was seen in the middle ear cavity.
Discussion
Identifi cation of pneumolabyrinth on HRCT aft er ear trauma indicates the presence of a perilymphatic fi stula. Trauma can be sustained either externally (e.g., from a blast or direct trauma to the tympanic membrane) or internally (e.g., from a forced Valsalva maneuver or physical exertion). Th e clinical diagnosis of perilymphatic fi stula is highly challenging. Performing a fi stula test, which consists of mechanically increasing Th e patient was treated symptomatically with a vestibular suppressant, antibiotic prophylaxis, and a steroid. He was observed in the ward and discharged 2 days later. At outpatient follow-up 1 week later, the patient reported residual vertigo and persistent conductive hearing loss. One month aft er the initial presentation, repeat HRCT of the temporal bone demonstrated resorption of the pneumolabyrinth, indicating a sealed perilymphatic fi stula (fi gure 2). Th e position of the luxated stapes within the vestibule remained unchanged. Mixed bony and soft -tissue densities were present near the oval window, suggesting a likely fracture of the stapes footplate with the formation of fi brosis and granulation tissue. However, the patient had regained his sensorineural hearing function, indicating a spontaneous sealing of the fi stula. Th e conductive hearing loss, on the other hand, persisted because of the luxated stapes. the middle ear pressure and looking for nystagmus and vertigo, may be helpful, but results are sometimes negative. Oft en, no active leakage is present because of the intermittent nature of the disorder, which involves only a very small amount of perilymph. Th erefore, the diagnosis can even be challenging during surgery. Membranous lesions at the oval window or round window may not be apparent on HRCT. Mark and Fitzgerald reported perilymphatic fi stula as a cause of vestibular enhancement on magnetic resonance imaging (MRI) following head or ear trauma. 1 Nakashima et al, in a study of guinea pigs exposed to barotrauma, reported a tendency for the damage to be more pronounced in the basal turn of the cochlea than in the apical turn. 2 Th is interesting fi nding may explain the tendency for enhancement in the basal turn of patients with perilymphatic fi stula. Th e enhancement is most likely caused by a disruption of the tight junctions of the labyrinthine vessels as a result of trauma with secondary leakage of the contrast medium. 1 Further advancements in MRI might provide better indirect evidence of perilymphatic fi stula with vestibular enhancement and segmental cochlear enhancement, especially in cases of barotrauma.
Although a perilymphatic fi stula may not be clearly evident on HRCT, this imaging modality is highly sensitive in detecting pneumolabyrinth. Sarac et al reported a case in which HRCT failed to demonstrate stapes luxation into the vestibule. 3 However, in view of the presence of pneumolabyrinth, they performed an exploratory tympanotomy, which revealed the presence of a perilymphatic fi stula and stapes luxation, which were successfully corrected surgically.
With the development of microsurgical techniques, the management of suspected perilymphatic fi stula has evolved from purely conservative treatment to exploratory tympanotomy and reconstruction. Decisions on surgical timing and surgical approach depend on the type and extent of the damage to the middle and inner ear, especially if the stapes is luxated into the vestibule.
Traumatic luxation of an intact stapes into the vestibule is a rare complication of a penetrating ear injury. 4, 5 Th e anatomic location of the stapes within the deep portion of the middle ear cavity protects it from external trauma. Furthermore, since the footplate of the stapes is fi rmly attached to the oval window by the annular ligament, dislodgment is rare.
Th in-section HRCT of the temporal bone not only establishes the diagnosis of stapes luxation, but it also facilitates an accurate assessment of the condition of the stapes (i.e., whether it is intact or fractured), of the degree of luxation (i.e., how deeply the stapes is displaced into the vestibule), and of other associated middle or inner ear injuries. Th is information is important to surgeons because the condition of the stapes determines the treatment options, surgical approach, and outcome. 6 Th e risk of surgical damage to the inner ear structures is increased if the stapes is fractured or deeply depressed into the vestibule. Th ere are published reports of patients with a stapes deeply depressed into the vestibule who failed to regain inner ear function despite the surgical removal of the stapes. 4, 7 Scarring may also occur around the vestibule and cause late inner ear damage. On the other hand, leaving the stapes in the vestibule may lead to vestibular space obstruction and inner ear dysfunction. 5 Th e diagnosis of traumatic stapes luxation can be diffi cult in a patient whose tympanic membrane is intact on otoscopy. In a patient with a history of head trauma without direct injury to the ear, symptoms of persistent vertigo, nystagmus, and hearing loss should raise the suspicion of stapes luxation and prompt further evaluation with HRCT of the temporal bone. 3 During the penetrating injury in our patient, the wooden earpick perforated the tympanic membrane and pushed the ossicular chain medially. Th e stapes, which was fi rmly attached to the oval window by the annular ligament, was likely fractured, and it appeared to have pivoted on the footplate and made a 180° fl ip. It was then displaced medially into the vestibule with the capitulum stapedis pointing medially. Perilymph leaked through the membranous injury at the oval window into the middle ear cavity. Th e perilymph was replaced by air trapped within the vestibule between the crura of the luxated stapes. Th e perilymph leakage resulted in a sensorineural hearing loss, and the ossicular disruption led to a conductive hearing loss. Th is explains why the patient initially presented with a mixed hearing loss.
Approximately 1 month later, the patient had regained his sensorineural hearing function as a result of the resorption of the pneumolabyrinth in the middle ear cavity, indicating a spontaneous sealing of the fi stula. Th e conductive hearing loss, however, persisted because of the luxated stapes. Th e abnormal orientation of the luxated stapes within the deep portion of the vestibule posed a high surgical risk to other inner ear structures, so a conservative management strategy was adopted.
Hatano et al reported a very similar case in which the patient's hearing was restored by simply sealing the perilymphatic fi stula of the oval window surgically in order to prevent infection of the middle and inner ear. 8 Although the crura and capitulum stapedis appeared to be intact within the vestibule, the footplate was most likely fractured, as suggested by the appearance of mixed bony and soft -tissue densities near the oval window on the follow-up HRCT. Th is fi nding was better appreciated once the perilymph in the middle ear cavity had resolved.
Th is case illustrates the importance of an accurate diagnosis and interpretation of pneumolabyrinth and stapes luxation on HRCT of the temporal bone following a direct ear injury. An accurate diagnosis would render exploratory tympanotomy unnecessary in high-risk cases.
